Introduction
Tree peonies, Paoenia suffruticosa and P. suffruticosa var. spontanea, originated in Kansu, China, where many cultivars had been introduced since Nanpei dynasty (AD 400) (20, 21) . Some of them were brought to Japan several times since Heian period (AD 800) (9, 10) . New cultivars with colors ranging from purple to white were hybridized or selected from open-pollinated seedlings or as bud sports (1, 14) ; these gave rise to a large array of tree peonies. In the United States, Saunders and Daphnis (2, 16) crossed P. suffruticosa (Japanese cultivars) with P. lutea or P. delavayi, which have genes for the yellow color, and produced interspecific hybrids of American tree peony (7, 14) . Prior to that, Henry and Lemoine in France (2, 16) hybridized P. suffruticosa and P. lutea and obtained the yellow French cultivars.
Although tree peonies have been selected or bred for centuries, there is very little scientific data dealing with their flower pigments. Hayashi (8) reported that flower anthocyanins in P. suffruticosa contained peonin (peonidin 3,5-diglucoside, Pn3G5G) and cyanin (cyanidin 3,5-diglucoside, Cy3G5G). Bohm (4) reported that a yellow pigment found in lutea hybrids was a chalcone, isosalipurposide; and Cooper (5) suggested that a pelargonidin existed in the flowers of some Japanese cultivars.
In this investigation the components of flower pigments in various cultivars of Japanese, Chinese, (15) . Rf value of each anthocyanidin was compared with that of authentic one (15, 18) ; cyanidin from red perilla, pelargonidin from vermilion rose and peonidin from deep red herbaceous peony. Furthermore, hydolyzed sugars in the aqueous layer were identified by comparison with authentic sugars using paper chromatography. The solvent system was BAW (4:1:2, v/v/v) (12, 15) .
The 6 anthocyanins extracted from petals of 'U badama' or 'Kokuryunishiki' were identified by co-chromatography with authentic anthocyanins using thin-layer plates (8) . The authentic pigments were: Cy3G from red maple-leaf, Cy3G5G from dark red rose, Pg3G from strawberry fruit, Pg3G5G from reddish orange pelargonium, Pn3G from Pn3G5G by partial hydrolysis with 20% hydrochloric acid (17, 19) , Pn3G5G from deep red herbaceous peony. Three solvent systems were used; BAW (6:1:2, v/v/v), n-butanol : 2N-hydrochloric acid (1:1, v/v, BH), and AHW (15:3:82, v/v/v).
Results
The petal hues of Japanese cultivars ranged from red (+a*) to blue (-b*) (Fig. 1) . Deep redpurple cultivars, e.g., 'Rinpou' and 'Suminoichi' contained pigments with high values of blue (b*, -72 or so) and intermediate of red (a*, between +30 and +40), whereas the red-purple cultivars, e.g., 'Shimadaijin' and 'Shunkouden' yielded pigments with high values of both red (a*, +49) and blue (b*, -65). Pigments of purplish red cultivar, e.g., 'Kaoh' exhibited the highest value in red (*a, +56), whereas pink cultivars, e.g., 'Hanakisoi' and ' Shintouen' possessed anthocyanins with relative- ly low values in both red and blue; the white cultivars, e.g., 'Renkaku' and 'Tamasudare' had the lowest hue values.
The anthocyanin content of the dark red or deep red purple Japanese cultivars, e.g., 'Ubadama' and ' Rinpou' contained a large amount of anthocyanins per fresh weight of petals (Fig. 2) , whereas that of pink or white cultivars, e.g., 'Yaezakura' or ' Renkaku' was low. Therefore, a high negative correlation (r=-0.97) between OD and pigment intensity exists among the cultivars examined.
By using the BAW and AHW solvent systems, which were found to be best suited for separating anthocyanins, a maximum of 6 anthocyanins were distinguished in the deep red or deep red-purple cultivars, e.g., 'Rinpoh' (Fig. 3) . Aglycones of these anthocyanins were peonidin, cyanidin, and pelargonidin based on Rf values by cochromatography with authentic aglycones (Table  1) . Sugars liberated after hydrolysis were supposed to be glucose, judging from the comparison of Rf value of authentic glucose (Table 2) .
Thus, the 6 anthocyanins were tentatively identified as Cy3G/Cy3G5G, Pn3G/Pn3G5G, and Pg3G/Pg3G5G, based on Rf values of authentic anthocyanins (Table 3) . Delphinidins were not identified in any petal extracts (data not shown).
Japanese cultivars contained a maximum of 6 anthocyanins (Table 4) . Deep red 'Ubadama', deep red-purple 'Rinpou' or vivid red purple 'Hanadaijin' (Fig. 4 a) were the typical examples. Light purple 'Kamatafuji' or bright reddish purple ' Kurikawakoh' lacked Pg3G/Pg3G5G and pale purple 'Meijinohomare' contained only Pn3G5G. Vivid red 'Taiyoh' (Fig. 4 b) or bright or bright purplish red 'Higurashi' contained a large amount of Pg3G/Pg3G5G, but lacked Cy3G/Cy3G5G. ' Shinkumagaya' (Fig. 4 c) , which showed a unique bright-red purple color, contained Pg3G/Pg3G5G besides a large amount of Pn3G/Pn3G5G. Such a pigment combination was very rare. Pink cultivars, e.g., 'Shinshichifukujin' and 'Daioh', lacked Cy3G/Cy3G5G, and their Pg3G/Pg3G5G content was intermediate or slight; some cultivars lacked even Pg3G. Moreover, most of pink cultivars, e.g., ' Yaezakura' (Fig. 4 d) , lacked Pn3G. White cultivar 'Renkaku' contained only small amount of Pn3G5G at the basal portion of petals.
Among Chinese cultivars, only 'Da hu hong' had 6 anthocyanins; the others had 5 or less (Table 5 ). All the anthocyanins were the same as those found in Japanese cultivars, judging from spot distribution pattern and Rf values on the thin-layer chromatograms. Most of vivid red-purple cultivars, e.g., 'Da zong zi' and 'Shou an hong' (Fig. 5 a, b) , contained a large amount of Cy3G/Cy3G5G besides Pn3G5G, but no Pg3G/Pg3G5G were found. Bright purple cultivars, e.g., 'Jia ge jin zi', contained only Cy3G5G and Pn3G5G. None of Chinese cultivars had the vivid red and purple-red color, which were often found in Japanese cultivars. Most of pink cultivars, e.g., 'Zhu sha mo' (Fig. 5 c) , contained Pn3G5G and Pg3G5G. This pigment composition is similar to that of pink Japanese cultivars. Furthermore, some Chinese cultivars, e.g., 'Yang mu' (Fig. 5 d) , contained a diglucoside of peonidin, cyanidin and pelargonidin. Such combinations of diglucosides were not found in Japanese cultivars. The American and French hybrid tree peony (lutea or delavayi hybrid) had 4 anthocyanins, Pn3G/Pn3G5G and Cy3G/Cy3G5G, in most of cultivars (Table 6) . One cultivar, 'Thunderbolt' with its blackish crimson color, was an exception containing Pg3G and Pg3G5G besides the above 4. Cultivars with vivid red or pink color were not found in American and French tree peonies. Most reddish cultivars, e.g., 'Chinese Dragon' (Fig. 6 a) , have dark red or crimson flowers. Nearly all cultivars contained chalcone, a yellow pigment inherited from P. lutea or P. delavayi (7) . 'Kinkaku' (Fig.  6 c) and 'Kinshi', which were imported to Japan in the early Showa period from France (14) , have a clear yellow color derived from P. lutea (Fig. 6 d) . The reddish orange color of 'Gauguin' (Fig. 6 e) or 'Happy Days' (not shown in Table 6 ) is a mixture of yellow chalcone and red anthocyanin (probably Pn3G5G). P. lutea contains small amounts of Cy3G/Cy3G5G and Pn3G5G besides the chalcone. 
